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Abstract
The problem of environmentally friendly treatments against most important diseases affecting potato crops
continues to represent a challenge With this aim was conducted this research, which approaches alternative solutions in
fighting against Phytophtora infestans Mont. de Bary attack in potato. Unconventional treatments with aqueous
solutions of 1.1% and 2.2% of Allium sativum L., and selenium enriched Allium sativum L. were used. The trial was
developed in 2013, within specific conditions of Transylvanian Plane - Pădurenii village, county of Cluj (470 04’ 14’’
N, 240 00’ 0’’ E), in 1 hectare experimental field, in a private farm, using a genuine potato variety, named Redsec. The
best results were obtained when unconventional treatments of aqueous solutions 1.1% Allium sativum L. (GA2 = 3.11%)and selenium enriched Allium sativum L. (GA6 = 3.54%) were used. The less effective treatments were those withconventional products, Alcupral 50 PU (GA4 = 5.73%) and Infinito 687.5 SC (GA5 = 5.18%), respectively. The analyseof the multiple correlations between  average temperature of experimental period (17.64 0C) anf average humidity of
experimental period (66.16%) and late blight average attack degree, reveals that they are positive, with different
intensities, from intermediate to strong.
Keywords: Allium sativum L. Phytophtora infestans Mont. de Bary, basic statistics, multiple correlation, cluster
analyze.
1. Introduction
The constraints of the present ages, when the
efficient fight against plant weeds, pathogens and
harmful organisms confronts more often with
environmental problems but also with the
phenomenon of resistance exhibited by harmful
organisms against specific chemical treatments,
impose the identification of non-conventional
solutions for the management of this state [2].
Potato, one of the most important vegetal
culture in Romania, must face the same problems
aiming the sustainable management of the





Based on these premises, identification of
non-conventional solutions for treatments applied to
potato culture with antifungicide and antibactericide
aim, are more and more requested [4, 6, 7].
An important alternative is represented by the
adoption of integrated management principles and
practices. Within this kind of approach, an
important role is played by the identification and
testing of vegetal resources with fitoncide potential,
with the aim of their implementation in practice.
The aim of this paper is to emphasize the
efficacy of unconventional treatments against
Phytophtora infestans Mont. de Bary with aqueous
solution of Allium sativum L., and selenium
enriched Allium sativum L., compared to
conventional treatments, applied to potato crops
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2. Material and Method
The trial was developed in a private vegetal
farm in Pădurenii village, from the county of Cluj,
located in an area with coordinates 470 04’ 14’’ N,
240 00’ 0’’ E, on one hectare area. Redsec potato
variety was used in our study. It is a semi late
variety created by the Târgu Secuiesc Research
Station for Potato Culture. It has a vegetation period
of 110 - 120 days. The soil of the experimental field
predominantly represented by argic chernozem
(faeoziom), which supplies good developmental
opportunities for potato culture. Foliar treatments
were performed four times a month with
conventional products, Infinito 687.5 SC and
Alcupral 50 PU, respectively. The foliar
unconventional treatments consisted in 1.1% and
2.2% aquaeous of Allium sativum L. and organic
selenium enriched Allium sativum L.
The raw data were statistically processed,
using descriptive statistics, variance analysis,
multiple correlation analysis and cluster analysis
[3]. The multiple regression model was tested in
order to elaborate predictions for the evolution of
the behaviour of the vegetal pathogens of potato
function of climatic conditions.
3. Results and Discussions
The treatment of the Redsec potato variety,
within experimental conditions characterized by
the pedo - climatic conditions from Pădurenii
area, specific for Transylvanian Plane, with
aqueous solutions  of Allium sativum  L.  and
selenium enriched Allium sativum L., in different
concentrations, led to smaller attack degrees
compared to control, but similar as value with those
resulted from conventional treatment with products
homologated in European community, and usually
used in fight against late blight in potato,
Alcupral50 PU  and Infinito 687.5 SC, respectively
(table 1). The parameters of dispersion of the attack
degree of pathogen (table 1), demonstrate  an
uniform repartition of individual values, sustained
by the values of the standard deviation. In all
analysed cases, the variability, lower than 30%,
assess the results representativeness. The biggest
variability values were recorded in experimental
variant conventionally treated with Infinito 687.5
SC (22.27%), while the smallest in experimental
variant conventionally treated with  Alcupral 50 PU,
5.76% respectively (tabelul 1).
In control and other variants unconventionally
treated, the variabilities framed within the interval
11.97% - 16.35% (table 1). Concerning the
minimum and maximum values, the smallest attack
degrees were reported for experimental variants
unconventionally treated with aqueous solutions
1.1% Allium sativum L., 2.51%, respectively and
selenium enriched Allium sativum L., 2.88%,
respectively. The biggest individual value was
recorded in untreated control, 20.42%, respectively
(table 1). The analyze of the average attack degrees,
reported for each experimental value in 2013 (table
1), emphasizes the efficacy of the treatments
performed with aqueous solutions Allium sativum L.
and selenium enriched Allium sativum L.
administered in minimum concentrations (1.1%).
Table 1. The averages and parameters of dispersion of the Phytophtora infestans Mont. de Bary attack
degree in Redsec potato variety function of administered treatment, during April - August 2013
Experimental variant n ± s Min. Max. CV (%)
1Control 14 16.42 ± 0.62 2.31 14.03 20.42 14.06
2 14 3.11 ± 0.10 0.38 2.51 3.87 12.14
3 14 4.09 ± 0.18 0.67 3.16 4.90 16.35
4 14 5.73 ± 0.09 0.33 5.12 6.18 5.76
5 14 5.18 ± 0.30 1.15 3.02 6.41 22.27
6 14 3.54 ± 0.11 0.42 2.88 4.15 11.97
7 14 4.50 ± 0.17 0.65 3.22 5.15 14.40
Note: 1 – control; 2 – treatment with aqueous extract of 1.1% Allium sativum L.; 3 – treatment with aqueous extract of 2.2% Allium sativum L.; 4 –
treatment with Alcupral 50 PU; 5 – conventional treatment with Infinito 687.5 SC; 6 – treatment with aqueous extract of 1.1% Allium sativum L.
enriched in organic Se; 7 – treatment with aqueous extract of 2.2% Allium sativum L. enriched in organic Se.
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Both increases of garlic and selenium
enriched garlic concentrations led to weaker results
compared to those administered in smallest
concentrations (GA2 = 4.09% and GA6 = 4.50%,
respectively). The best results are reflected by the
smallest average attack degrees, by entire
experimental period, GA2 = 3.11% respectively,with treatment performed with 1.1% garlic solution,
and GA5 = 3.54% with treatment performed with
1.1% selenium enriched garlic solution.
The conventional treatment performed with
both solutions, Infinito 687.5 SC and Alcupral 50
PU (table 1) led to inferior results compared to those
obtained when unconventional treatments with
garlic, and selenium enriched garlic, were applied.
These conventional treatments led to average attack
degrees of GA = 5.73% and GA = 5.18%,
respectively.
The test of the significance of differences
between the attack degrees reported when above
mentioned treatments were applied in fight agains
Phytophtora infestans Mont. de Bary  pathogen in
Redsec potato variety (table 2) emphasized the
existence of diferences statistically very significant
(p < 0.001%) between control and all experimental
variants.
The biggest difference, of 13.31%, was
reported between the attack degree recorded in
control and attack degree recorded in expermental
variant 2, corresponded to the variant treated with
aqueous solution 1.1. Allium sativum L.
Differences statistically assured at
significance treshold of 0.1% were also reported
between the average late bligth attack record in
experimental variant treated with aqueous solution
1.1% Allium sativum L. and average attack degrees
recorded in majority of other experimental variants,
except that treated with aqueous solution 1.1
selenium enriched Allium sativum L., where the
difference between late bligth attack degrees was
statistically significant at significance threshold of
1% (table 2).
We find that betyween the late bligth attack
degree recorded in experimental variant treatwd
with aqueous extract 2.2% Allium sativum L. and
experimental variant conventionally treated with
Alcupral 50 PU, a statistically distinct (p < 0.01%)
difference (d = - 1,10%) was recorded, in advantage
of the variant treated with Alcupral 50 PU.
In the same time, between the same
experimental variant treated with aqueous extract
2.2% Allium sativum L. and experimental variant
treated with aqueous extract  2.2% selenium
enriched Allium sativum L. the difference (d = +
0.54%) was statistically assured at significance
threshold of 5% (table 2).
Also, statistically very significant differences
(p < 0.001%) were reported between the attack
degrees recorded in experimental variant treated
with Alcupral 50 PU and those treated with aqueous
extract of selenium enriched Allium sativum L. in
concentrations of 1.1% (d = + 2.19%) and 2.2%,
respectively (d = + 1.23%).
Statistically very significant differences (p <
0.001%) were also reported (table 2) between the
average attack degrees recorded in experimental
variant treated with Infinito 687.5 SC and those
treated with aqueous extract 1.1% selenium enriched
Allium sativum L. (d = + 2.19%), 1.1%, selenium
enriched Allium sativum L. (d = + 1.64%) and 2.2%
selenium enriched Allium sativum L. (d = + -
0.96%).
Statistically not significant differences, at
significance threshold of 5% (p > 0.05%), were
reported between the experimental variant treated
with 2.2% aqueous solution Allium sativum L. and
attack degreed recorded in experimental variant
treated with aqueous solution 2.2% selenium
enriched Allium sativum L. (d = - 0.42%), and also
between the attack degrees reported for the
experimental variant conventionally treated with
Infinito 687,5 SC and attack degrees correspondent
to the variants treated with Alcupral 50 PU (d = +
0.55%) and aqueous solution 2.2% Allium sativum
L. (d = + 0.68%).
In conditions of an average temperature of
17.64 0C and average humidity od 66,16% by
experimental period taken into consideration, April -
August 2013, respectively, multiple correlations of
different intensities were reported between climatic
factors and attack degree of Phytophtora infestans
Mont. de Bary pathogen, in studied Redsec potato
variety (fig. 1).
The biggest value of the multiple correlation
between the average attack of Phytophtora infestans
Mont. de Bary pathogen in culture of studied
Redsec potato variety was reported for the
experimental variant conventionally treated with
Alcupral 50 PU, R = 0.667, respectively, which is
representative for 44.50% of sample (fig. 1).
Between the attack degrees correspondent to
other experimental variants and considered climatic
parameters, average temperature and average
humidity, respectively, taken into consideration for
the experimental period of 2013, there were
obtained average multiple correlations with values
within the interval R = 0.514 representative for
26,40% of sample (experimental variant 5 treated
with 687.5 SC, fig. 1.5) and R = 0.572
representative for 32.80% of sample (experimental
variant 2 treated with aqueous extract 1.1.% Allium
sativum L., fig. 1.5).
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Note: 1 – control; 2 – treatment with aqueous
extract of 1.1% Allium sativum L.; 3 – treatment
with aqueous extract of 2.2% Allium sativum L.; 4
– treatment with Alcupral 50 PU; 5 – conventional
treatment with Infinito 687.5 SC; 6 – treatment
with aqueous extract of 1.1% Allium sativum L.
enriched in organic Se; 7 – treatment with aqueous






Figure 1. The interaction between the Phytophtora infestans Mont. de Bary average attack degree in Redsec potato
variety and climatic conditions in experimental variants and control, during April - August 2013
AD% = 5.796 – 0.183t (0C) +0.207H (%)
R = 0.429 R2 = 0.184
AD% = 6.566 - 0.015t (0C) + 0.673H (%)
R = 0.667; R2 = 0.445
AD% = 5.904 - 0.067t (0C) + 0.028H (%)
R = 0.561; R2 = 0.314
AD% = 4.671 - 0.197t (0C) + 0.459H (%)
R = 0.572; R2 = 0.328
AD% = 13.632 + 0.429t(0C) + 0.058 H(%)
R = 0.407; R2 = 0.166
AD% = 5.312 – 0.123t (0C) +0.392H (%)
R = 0.514; R2 = 0.264
AD% = 7.420 – 0.117t (0C) +0.468H (%)
R = 0.528; R2 = 0.279
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Table 29. The significance of differences (ANOVA)
of the averages of the Phytophtora infestans Mont.
de Bary attack degree (AD%) in Redsec potato
variety function of experimental variant, during
April - August 2013
Difference - d  DF             t  p
1 – 2 +13.31*** 26 +21.282 < 0.001
1 – 3 +12.34*** 26 +19.198 < 0.001
1 – 4 +10.69*** 26 +17.143 < 0.001
1 – 5 +11.24*** 26 16.288 < 0.001
1 – 6 +12.88*** 26 +20.543 < 0.001
1 – 7 +11.92*** 26 +18.590 < 0.001
2 – 3 -0.97*** 26 -4.753 < 0.001
2 – 4 -2.62*** 26 -19.557 < 0.001
2 – 5 -2.07*** 26 -6.379 < 0.001
2 – 6 -0.43** 26 -2.838 0.008
2 – 7 -1.39*** 26 -6.941 < 0.001
3 – 4 -1.65*** 26 -8.267 < 0.001
3 – 5 -1.10** 26 -3.074 0.004
3 – 6 +0.54* 26 +2.573 0.016
3 – 7 -0.42ns 26 -1.673 0.105
4 – 5 -0.55ns 26 1.716 0.097
4 – 6 +2.19*** 26 +15.256 < 0.001
4 – 7 +1.23*** 26 +6.321 < 0.001
5 – 6 +1.64*** 26 +4.991 < 0.001
5 – 7 +0.68ns 26 +1.917 0.066
6 – 7 -0.96*** 26 -4.642 < 0.001
Note 1: 1 – control; 2 – treatment with aqueous extract of 1.1% Allium
sativum L.; 3 – treatment with aqueous extract of 2.2% Allium sativum
L.; 4 – treatment with Alcupral 50 PU; 5 – conventional treatment with
Infinito 687.5 SC; 6 – treatment with aqueous extract of 1.1% Allium
sativum L. enriched in organic Se; 7 – treatment with aqueous extract of
2.2% Allium sativum L. enriched in organic Se). Note 2: ns – p >
0.05%; * - p < 0.05%; ** p < 0.01%; *** - p < 0.001%.
Function of the attack degree, the analyze
emphasizes two clusters. One is made up of control,
where the smallest attack degree was recorded (GA
= 16.42%), while the second, is made up of
experimetal variants conventionally and
unconventionally treated, and consists in several
subclusters (fig. 2).
Thus, the second cluster is divided in two
subclusters, one represented by experimental
variants where the biggest attack degrees were
recorded, those conventionally treated with Infinito
687.5 SC (GA2 = 5.73%) and Alcupral 50 PU (GA4
= 5.18%), respectively.
The second subcluster also is divided in other
two subclusters. According to linkage distance, the
first is made up of variants treated with aqueous
solution 2.2% selenium enriched Allium sativum L.
(GA7 = 4.50%) and aqueous solution 2.2% Alliumsativum L. (GA3 = 4.09%),The second subcluster is made up of average
attack degrees recorded in experimental variants
treated with aqueous solutions 1.1% selenium
enriched Allium sativum L. (GA6 = 3.54%) andaqueous solution 1.1% Allium sativum L. (GA2 =3.11%).
Both reported attack degrees and cluster
analysis demonstrate that within climatic conditions
of the year 2013, treatments against late bligth
diferentiately performed by experimental variants
led to big differences compared to attack degree
reported in control.
All experimental variants make a single
cluster with three components, representing the
hierarchy of treatments efficacy (fig. 2).
4. Conclusions
In experimental year 2013, basic statistics and
cluster analysis applied in Redsec potato variety,
emphasize, that best results were obtained when
unconventional treatments were used against late
blight.
They consisted of aqueous solutions 1.1%
Allium sativum L. (GA2 = 3.11%) and selenium
enriched Allium sativum L. (GA6 = 3.54%). The lesseffective treatments were those with conventional
products, Alcupral 50 PU and Infinito 687.5 SC,
respectively.
In experimental variants treated with those
products, there were reported the biggest attack
degrees, GA4 = 5.73% and GA5 = 5.18%,respectively.
Taking into account the climatic conditions of
the analysed period from year 2013 in experimental
area, characterized by an average temperature of
17.64 0C an average humidity of 66.16%, the
analyse of the multiple correlations between these
climatic factors and Phytophtora infestans Mont. de
Bary average attack degree, reveals that they are
positive, with different intensity, from intermediate
to strong.
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Note: 1 – control; 2 – treatment with aqueous extract of 1.1% Allium sativum L.; 3 – treatment with aqueous extract of 2.2% Allium sativum L.; 4 –
treatment with Alcupral 50 PU; 5 – conventional treatment with Infinito 687.5 SC; 6 – treatment with aqueous extract of 1.1% Allium sativum L.
enriched in organic Se; 7 – treatment with aqueous extract of 2.2% Allium sativum L. enriched in organic Se.
Figure 2. The cluster analysis of the Phytophtora infestans Mont. de Bary average attack degrees in Redsec potato
variety in experimental variants and control, during April - August 2013
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